The present study carried out a measurement of body composition and a nutrition survey, targeting 28 male wheelchair athletes and comparing them with 25 male physically able healthy athletes as the controls. The DXA method was used to measure bone mineral density (BMD), percentage of body fat (% body fat), and lean body mass (LBM). Possible factors affecting the BMD of the wheelchair athletes with spinal injuries were analyzed including age, body part, type of sport, area of injury, length of injury, and the length of time it took before restarting sports activity after injury. BMD in the arms, body trunk, legs, and entire body was measured. There were no signifi cant differences in the BMD of the wheelchair athletes by age group (from 20 to 29, from 30 to 39, and 40 years and older), by sports (basketball, track and fi eld, and tennis), and by area of injury (high and low paraplegia). BMD in the legs (r = −0.549, P < 0.01), body trunk (r = −0.414, P < 0.05), and entire body (r = −0.452, P < 0.05) of the wheelchair athletes was negatively correlated with the period since injury; however, no such a relationship was observed in the arms. In addition, the multiple regression analysis for BMD of each body region showed that the earlier the wheelchair athletes restarted sports after injury, the higher values the BMD of legs (r = −0.467, P < 0.05), body trunk (r = −0.469, P < 0.05), and entire body (r = −0.488, P < 0.05), independent of age and sports. The leg BMD of the wheelchair athletes was lower than that of the physically able athletes, with a BMD 76.5% of the controls. The present study suggests that restarting sports activity in a timely manner after treatment and rehabilitation for the injury is useful in preventing loss of BMD in wheelchair athletes and ultimately improving their quality of life.
Introduction
In this graying society, osteoporosis has become a signifi cant challenge because of its infl uence on the quality of life (QOL) [1, 2] , and it tends to develop mostly in postmenopausal women because of changes in endocrine function and older men as a result of advanced age, with lifestyle habits such as sports and diet assumed to be signifi cant factors. It is well known that although remaining sedentary triggers a reduction in bone mineral density (BMD), physical activity on a regular basis increases bone mass, fosters preservation and improvement of BMD, and is also useful in the prevention of osteoporosis [3, 4] . However, most studies on osteoporosis are for able-bodied healthy persons, and few studies are available for physically disabled persons who have limitations in terms of participation in physical activities, sports, etc.
Most disabled people in wheelchairs suffer from spinal cord injuries (SCI), and after the injury they tend to develop adult diseases such as osteoporosis and disorders of the circulatory system as a consequence of a physically inactive lifestyle; therefore, their QOL worsens along with the decrease in the activities of daily living. Kocina found that 100% of SCI individuals have osteoporosis in the paralyzed extremities [5] . Goktepe et al. reported that radial bone density was signifi cantly higher in paraplegic basketball players than in paraplegic sedentary persons [6] . In recent years, sports for physically disabled persons are also gaining in popularity in Japan for the purpose of the maintenance and improvement of the remaining functions and increasing their independency and motivation in life [7, 8] . However, data regarding the body composition of SCI athletes and the effects of sports activities on the prevention of osteoporosis among them are greatly insuffi cient.
The present study aimed at investigating factors that affect the BMD of SCI athletes and effects of sports activities on their BMD, and also examining whether those activities play a role in the prevention of osteoporosis, which is a health issue for individuals with SCI.
Subjects and methods

Subjects
Twenty-eight male wheelchair athletes (12 basketball players, 9 track and fi eld athletes, 7 tennis players; average age, 34.7 ± 9.3 years old) and 25 male physically able healthy athletes [12 triathlon athletes, 11 track and fi eld athletes, 2 bicycle racers; average age, 33.0 ± 9.0 years old, height 172.0 ± 6.1 cm, weight 63.6 ± 6.7 kg, chest circumference 91.1 ± 4.8 cm, body mass index (BMI) 21.5 ± 1.8 kg/m 2 ] as the control group participated in this study. The mean period since injury of the wheelchair athletes was 14.6 ± 8.4 years. Before the study was conducted, we fully explained the purpose of the study, the methods, and drawbacks that could arise to the participants, and written informed consent for participation in this study was obtained from each of them.
Anthropometric measurements
Height, weight, and chest circumference were measured. Height was measured in a supine position, using a wheelchair scale (digital scale DP-7100PW; Yamato-Scale Co., Japan) and the body mass index (BMI) was calculated by the formula weight (kg)/height (m) 2 
.
Body composition Dual-energy X-ray absorptiometry (DXA) (QDR4500; Hologic, Waltham, MA, USA) was used to measure the BMD for the entire body, right and left arms, right and left legs, and body trunk, and percentage of body fat (% fat) and lean body mass (LBM).
Nutritional survey
A dietary intake questionnaire (from the Okayama Southern Institute of Health) on weekly food intake frequency was used to estimate the subjects' nutrient intake and intake of food groups. A nutritional assessment was performed based on the sixth revised edition of the nutritional requirements for Japanese.
Statistical analysis
For data analysis, we categorized the subjects age into three groups: 20-29, 30-39, 40 and more years of age; and type of sports into three groups: wheelchair "basketball," "track and fi eld," and "tennis." For physically disabled subjects, area of injury was categorized into two groups: cervical cord injury and thoracic spinal cord injury from 1 to 7, classifi ed as "high paraplegia" (n = 13), and thoracic spinal cord injury 8 and below and lumbar spinal cord injury and sacral cord injury, classifi ed as "low paraplegia" (n = 15).
Analysis of variance (one-way ANOVA) was used to analyze differences among the three groups followed by multiple comparisons (Tukey HSD) if necessary. The differences between the two groups were analyzed using the Student's t test. Pearson's correlation and a multiple regression analysis were employed for assessing the relationship between BMD and selected parameters. Age and sports type were forced to enter, and sports time per week, each injury region, LBM, % body fat, and period between injury and restarting athletic career after injury, and period of athletic career after restarting were entered stepwise into the regression analysis model. A signifi cant difference was considered to exist at a value of P < 0.05. SPSS 13.0J for Windows was used for data analysis.
Results
Characteristics of the wheelchair athletes Table 1 shows the results of the wheelchair subjects' characteristics, including parameters on sports (period of athletic career, hours of exercise per week, etc.), anthropometry (height, weight, chest circumference, BMI), and body composition (BMD for entire body, % body fat, LBM).
BMD by age, type of sports, and area of injury among the wheelchair athletes We did not fi nd a signifi cant difference in any body region regarding the BMD by age (from 20 to 29, from 30 to 39, 40 years and older), by type of sports (basketball, track and fi eld, tennis), and by area of injury (high paraplegia and low paraplegia) (data not shown).
Comparison of the LBM, % body fat, and BMD between the physically able and the wheelchair athletes In comparison with the physically able athletes, LBM of the wheelchair athletes was higher in the arms (P < 0.001) but lower in the legs (P < 0.001), body trunk (P < 0.05), and entire body (P < 0.001); the % body fat of the wheelchair athletes was higher in all parts of the body ( Table 2) .
The BMD of the wheelchair athletes showed lower values in the legs (P < 0.001) and entire body (P < 0.05); no signifi cant difference in the BMD of body trunk was found between the two groups (Table 2) . However, because wheelchair athletes use their arms frequently for ambulation and all other activities of daily living, their arm BMD was observed to be signifi cantly higher (P < 0.01) compared with that of the physically able athletes (Table 2) .
Relationship between the period of injury and BMD in the wheelchair athletes
The BMD in the legs, body trunk, and entire body of the wheelchair athletes was negatively correlated with the period since injury (by Pearson's correlation). Table 3 shows that as the period since injury increased, the bone density decreased for the legs (r = −0.549, P < 0.01), body trunk (r = −0.414, P < 0.05), and the entire body (r = −0.452, P < 0.05), whereas age when injured was positively related with BMD of each body region. The multiple regression analysis also indicated a negative relationship between the period of injury and the change in BMD of the legs [partial correlation coeffi cient (pcc) = −0.582, P < 0.01), body trunk (pcc = −0.480, P < 0.05), and the entire body (pcc = −0.489, P < 0.05), adjusted by age, area of injury, sports type, LBM, % body fat, and time spent in sports per week.
Relationship between the athlete history after injury and BMD Multiple regression analysis for BMD of each body region showed that time before restarting athletic career after injury negatively and signifi cantly correlated with BMD of legs, body trunk, and entire body independent of age and sports type (Table 4) . That is to say, the earlier the wheelchair athletes restarted sports activities after injury, the higher the bone density appeared in their legs, body trunk, and entire body. This model explained about 14% (∆R 2 = 0.139), 11% (∆R 2 = 0.108), and 22% (∆R 2 = 0.215) of the variance of legs, body trunk, and entire body, respectively, whereas time before restarting athletic career after injury was not an important infl uential factor of BMD in arms because it was excluded from the model. In addition, the period of athletic career after restarting was only significantly related with the leg BMD but was not related with BMD in arms, body trunk, and entire body because these were excluded from the model (Table 4) . This model explained about 15% (∆R 2 = 0.146) of the variance of legs. 
Data are expressed as mean ± SD BMI, body mass index; BMD, bone mineral density; LBM, lean body mass a The results of one-way analysis of variance comparison of variable among each age group ** P < 0.01; * P < 0.05 Correlation between % body fat and BMD in the wheelchair athletes By observing the relationship between % body fat and BMD in wheelchair athletes, we found that arm BMD had a negative correlation with % body fat in the arms, independent of age and the types of sports (r = −0.500, P < 0.05); no signifi cant correlation with the other body regions was observed.
Correlation between LBM and BMD in the wheelchair athletes
Pearson's correlation analysis indicated that LBM at all regions of the body demonstrated a positive correlation to the BMD of body trunk (arms: r = 0.551, P < 0.01; legs: r = 0.439, P < 0.05; body trunk: r = 0.706, P < 0.01; entire body: r = 0.687, P < 0.01). In addition, LBM of the entire body showed a positive correlation to the BMD of the legs (r = 0.446, P < 0.05) and the entire body (r = 0.470, P < 0.05), respectively ( Table 5 ). The multiple regression analysis showed that LBM on body trunk signifi cantly affected body trunk BMD (pcc = 0.721, P < 0.01), and LBM on the arms also signifi cantly affected the arm BMD (pcc = 0.629, P < 0.01) adjusted by age, area of injury, sports type, LBM, % body fat, sports time per week, and period of injury.
Discussion
This study was the fi rst to examine factors that affect BMD of the wheelchair athletes and effects of sports activities on their BMD. We found that the longer the period since injury, the lower the values shown for BMD, particularly in the paralyzed legs. We also found that the earlier the wheelchair athletes restarted their sports after injury, the higher the values of BMD in legs, body trunk, and entire body (independent of age and sports type), indicating that early sports training and rehabilitation in a regular basis is probably useful to them in preventing bone loss. The BMD rapidly decreases shortly after injury, and after that, it slightly but continuously decreases as a consequence of enforced sedentary lifestyles. Consequently, osteoporosis and an increased frequency of fractures usually occur after SCI [9] . Szollar et al. [10] reported that the BMD of the proximal femur declined in all age groups and reached "fracture threshold" at 1 to 5 years after injury. Therefore, how to slow down a dramatic decrease in BMD of SCI individuals and prevent them from developing osteoporosis and fragility fracture after injury has been a big challenge for health professionals.
Zehnder et al. [11] reported that markers of bone resorption (D-pyr/Cr and Ca/Cr) were greatly increased early (<1 year) after injury in paraplegic men, whereas markers of bone formation [estimated by alkaline phosphatase (ALP), osteocalcin (OC)) remained in the normal to low levels even more than 1 year since injury. A cross-sectional study found that high bone resorption continued to occur for up to 3-5 years following injury [12] . Such an imbalance between bone formation and resorption in SCI persons might contribute to the pathogenesis of bone loss after injury [13, 14] . Recently, an animal trial found that moderate running exercise at frequencies of 4 and 5 days per week decreased bone resorption of rats [15] . Exercise has also been proven to increase serum levels of bone formation markers in humans [16] . These data support our fi ndings in which BMD of the legs, body trunk, and entire body among wheelchair athletes who restarted sports activity immediately after SCI injury was observed to be higher than those who restarted their sports later. 
Body region BMD
The period of time before restarting athletic career after injury pcc, partial correlation coeffi cient from the stepwise regression analysis model, in which age and sports type were forced to enter, and sports time per week, area of injury, lean body mass, body fat percentage, period of athletic career after restarting, and period between injury and restarting athletic career after injury were entered in the model stepwise -, indicates that the variable was excluded from the model; ∆R 2 , % of the variance that the model explained for each variable Kim et al. [17] found that the highest values of the average BMD were observed in the legs, followed by the body trunk and the arms in healthy females. The same results were obtained in the wheelchair athletes of our study (see Table 2 ), which means that BMD of the paralyzed legs is not lower after injury in comparison to that of other regions of the body but is about 23% lower compared to that of the physically able athletes. When we used the BMD Z-score (%) [2, 18] of legs and the entire body in the control athletes as the mean (the mean value of the control group matched by age) to evaluate the BMD of the wheelchair athletes, we found the BMD of the latter was 76.5% for the legs and 95.0% for the entire body compared with the controls, respectively, indicating that disuse of the paralyzed legs led to a local decrease in bone density even under the same conditions of competitive level of sports activities. In addition, Matsushita et al. [19] reported that in both upper and lower limbs the BMD of the wheelchair athletes was 15% to 20% higher than that of physically inactive wheelchair males, which implies that regular exercise might help to prevent bone loss.
In the literature, limited data are available concerning BMD in men. Recently, Fukunaga et al. reported that BMD in men decreases more slowly with age than in women [20] , and BMD of physically able men is considered relatively constant before 65 years of age [4] . The present fi ndings showed the older the age when injured, the higher the BMD among the wheelchair athletes was; this can be explained by BMD having been kept at a certain level before the SCI injury, in comparison with femur BMD (mean, 0.960 g/cm 2 ) and femoral neck BMD (mean, 0.863 g/cm 2 ) of young adult mean (YAM) for men proposed by the Japanese Society for Bone and Mineral Research (JSBMR) [18] .
Garland et al. [21] previously reported that there was an initial decrease followed by an increase in BMD in the upper limbs. In fact, our study also observed a higher BMD in the arms of the wheelchair athletes in comparison with the physically able control group, implying that an increased loading in the upper limbs by providing movement for daily activities after SCI injury might make a contribution to a higher level of arm BMD in the wheelchair athletes. Whether the level of arm BMD is also higher among physically inactive wheelchair populations in comparison with the physically able populations needs further investigation to clarify.
In persons with SCI, being physically inactive in the paralyzed body parts also infl uences % body fat and LBM as well as BMD. We found that % body fat was higher in each body region among the wheelchair athletes in comparison with the physically able athletes; in particular, % body fat in the arms of the wheelchair athletes signifi cantly infl uenced arm BMD (independent of age and the types of sports), showing a negative correlation. Our previous study showed that % body fat increased as the injury period increased in wheelchair athletes and that % fat in their arms was signifi cantly different between those who trained for 7 h or more per week (right arm, 15.4 ± 3.5; left arm, 15.8 ± 3.7) and those who trained for less than 7 h per week (right arm, 22.5 ± 6.0; left arm, 23.5 ± 5.7); however, there was no difference in % fat in their legs with training load per week [22] .
In a study for monozygotic twins (one twin in each pair with SCI), Spungen et al. [23] found that total body LBM was signifi cantly lost (mostly from the trunk and legs, independent of age) at a rate of about 3.9 kg per 5-year period of paralysis and that there was an association between LBM and BMD. Similar results were obtained in the present study, showing that regional LBM had a positive correlation with BMD of the body trunk, and entire body LBM had a positive correlation with the BMD of legs and entire body. Giangregorio et al. [24] reported that 12 months of body weight-supported treadmill training on muscle and bone in SCI individuals demonstrated signifi cant increases in wholebody lean mass, from 45.9 ± 8.7 kg to 47.8 ± 8.9 kg. These results raise the possibility of increasing BMD in SCI individuals through an increase of total LBM by mechanical stress.
We also found that the wheelchair athletes consumed lower energy and other nutrients from their foods in comparison with the recommended level for Japanese adults (data no shown). In addition, they tended to take more sugar, candies, and favorite beverages, but a low intake was observed in other food groups. The present results did not show any relationship between the intake of protein, fat, and calcium and bone density among the wheelchair athletes.
With respect to the effects on the change in BMD, there was no signifi cant difference by age, parameters of sports (athletic career, amount/time of practice), or nutrient/food intake in the wheelchair athletes, but a detailed study concerning the effects of these parameters on BMD change is still needed.
The potential limitations of this study are the relatively small sample size and the unrandomized selection of subjects. Therefore, the results do not necessarily represent the entire status of wheelchair athletes in Japan. In addition, because the control subjects in this study were not wheelchair nonathletes but physically able athletes, further research is needed to compare the difference in BMD and factors that affect bone density in the wheelchair athletes and wheelchair-bound nonathletes.
In conclusion, although the present study was crosssectional, a negative correlation between period since injury and BMD was clearly observed. In addition, wheelchair athletes who restarted sports activities at an early time after injury were found to prevent a decrease in BMD. Therefore, the present study suggests that restarting sports activity in a timely manner after treatment and rehabilitation for the injury can be useful and effective in preventing loss of BMD in wheelchair athletes and ultimately improving their QOL.
